VZV is an important cause of morbidity and mortality among patients after hematopoietic SCT (HSCT). There is controversy surrounding the use of the live attenuated varicella vaccine (LAVV) in this population due to concerns that the immunization may cause VZ-related disease. The Blood and Marrow Transplant (BMT) group at the University of California, San Francisco (UCSF) Children's Hospital has been recommending the LAVV for immunocompetent HSCT patients since 1995. We retrospectively examined the incidence of post-immunization complications attributable to the LAVV in pediatric patients after HSCT. We also reported seroconversion rates when possible. Among 68 recipients of the LAVV after HSCT, 3 (4.4%; 95% confidence interval (CI) ¼ 1.0-12.7%) experienced mild-to-moderate symptoms potentially attributable to vaccination, and there were no severe reactions. Among 28 patients analyzed for seroconversion, 18 (64.3%; 95% CI ¼ 45.8-79.4%) seroconverted, 3 (10.7%; 95% CI 2.9-28.0%) possibly seroconverted and 7 (25.0%; 95% CI ¼ 12.4-43.6%) failed to seroconvert. It appears safe to administer the LAVV to immunocompetent patients after HSCT. Prospective studies are needed to more accurately determine rates of vaccine complications, efficacy and immunologic responses to vaccination.
Introduction
Infection with VZV is an important cause of morbidity and mortality among HSCT patients, usually due to reactivation from earlier exposure to the virus. Patients are most at risk of developing herpes zoster (HZ) early after transplant, with the vast majority of cases occurring within the first 2 years. The cumulative incidence of VZV infection among pediatric HSCT patients ranges from 25 to 45%. [1] [2] [3] [4] Consequences of VZV infections include bacterial superinfection, scarring, peripheral neuropathy, post-herpetic neuralgia, dissemination (cutaneous, pulmonary, visceral or central nervous system) and death. 2, 5, 6 A live, attenuated varicella vaccine (LAVV) has been available since 1995 and has been incorporated into the Center for Disease Control (CDC) child and adolescent immunization guidelines. Although it is well known that immunocompromised patients are at risk of developing more severe disease, the LAVV is not currently included in the national recommendations for re-immunization after HSCT 7, 8 due to concerns that the LAVV might cause primary varicella or reactivation in patients with a previous history of exposure. Some providers also express reservations about administering the LAVV to household contacts of their immunocompromised HSCT patients, 9 although the 2007 Advisory Committee on Immunization Practices (ACIP) guidelines clearly advise vaccinating these contacts. 10 There are limited data regarding the use of the LAVV in HSCT recipients. In a pilot study, the LAVV was given to nine VZV-seropositive patients after auto-HSCT and there were no significant side effects. 11 Sauerbrei et al. 3 described 15 patients aged 2-16 years who were immunized with the LAVV 12-23 months after HSCT. The patients were followed for 2 years after vaccination and no adverse reactions or episodes of primary varicella or HZ were reported. 3 Other studies have shown the LAVV to be safe and effective among children with ALL in remission, without increasing their risk of developing zoster. [12] [13] [14] Use of the LAVV to prevent varicella is controversial in the HSCT community, and reimmunization practices vary among transplant centers. 9 At the UCSF Pediatric BMT clinic, based on limited available data as well as our own experience, we believe that the benefits of immunizing against VZV outweigh the risks of the vaccine itself. HSCT patients who are varicella-naive are at risk of developing primary varicella, and those with a history of earlier VZV exposure (either from natural disease or vaccination) are at risk of developing HZ; the LAVV may protect against both. At the UCSF Children's Hospital, we have been recommending the LAVV to immunocompetent HSCT patients, since it became commercially available in 1995.
The primary aim of this study was to describe our experience with LAVV safety in HSCT patients by identifying vaccine-related adverse events. A secondary aim was to report the rates of seroconversion.
Patients and methods
Patients included in this retrospective study underwent HSCT at the UCSF Children's Hospital between 1995 and 2005 and survived for at least 24 months after transplantation. A standard protocol was used to guide follow-up and re-immunization. According to that protocol, patients received prophylactic antiviral and antibiotic medications until they showed T-cell immunity (T-cell counts above 200 Â 10 6 cells/L and a proliferative response to phytohemagglutinin of greater than 50% of control values). i.v. immune globulin was given until recovery of B-cell function, indicated by an isohemagglutinin titer of at least 1:8.
Patients received killed vaccinations (recommended at 0, 2 and 6 months) when they were immunocompetent and off of i.v. immune globulin for at least 3 months. Immunization with live vaccines, including the LAVV, was recommended when patients (1) were free of active GVHD, (2) were no longer taking immunosuppressive therapy or preventive antimicrobials (including antiviral medications), (3) had demonstrated serologic responses to inactivated vaccines (polio, pneumococcus and tetanus) and (4) had demonstrated a normal in vitro lymphocyte proliferation test to tetanus. All patients stopped antiviral prophylaxis at least 7 days before receiving the LAVV, and most had discontinued antiviral prophylaxis many months before vaccination. Only patients for whom we could definitely establish receipt of the LAVV were included. According to the intended protocol in use at the UCSF Children's Hospital, patients should be at least 24 months post-HSCT and immunocompetent (using the criteria outlined above) before receiving live immunizations. LAVV recommendations are then made in compliance with concurrent American Academy of Pediatrics (AAP) catch-up immunization guidelines.
HSCT patients at the UCSF Children's Hospital sign consent forms permitting the use of their data for future research. We reviewed paper charts and electronic medical records to establish study eligibility. As most patients receive their immunizations with primary care providers, vaccine records and VZV titer results were not always included in our medical records. Therefore, when required for complete documentation, referring providers and/or laboratories were contacted to obtain immunization records, VZV Ab titers and details regarding varicellarelated disease occurring after vaccination. Patients were not contacted directly as part of this study.
Safety
We documented the occurrence of varicella-related illness after post transplant LAVV immunization. 'Varicellarelated illness' was defined clinically, using medical documentation, BMT staff correspondence with families filed in the patient's chart and correspondence with referring providers to determine whether patients had developed HZ, primary varicella or disseminated varicella at any point after LAVV. Patients who carried these diagnoses or experienced symptoms such as fever, rash or upper respiratory infection within 6 weeks of LAVV immunization were considered to have experienced a potential vaccine reaction.
Vaccine reaction definitions were created for our study in order to stratify patients according to severity of symptoms. A mild vaccine reaction was defined as a vesicular or maculopapular rash, with or without fever or upper respiratory infection symptoms, which resolved without antiviral therapy. A moderate vaccine reaction was defined as a vesicular or maculopapular rash, with or without fever or upper respiratory infection symptoms, for which a provider prescribed antiviral treatment. A severe vaccine reaction was defined as disseminated varicella or a fatality.
Seroconversion
Seroconversion status was reported for patients with complete data sets (at least 1 documented post transplant, pre-LAVV titer and at least 1 documented post transplant, post-LAVV titer). Seroconverters had a negative prevaccine titer that converted to a positive post-vaccine titer after at least 1 vaccination. Possible seroconverters had either a negative pre-vaccine titer that converted to an equivocal post-vaccine titer, or an equivocal pre-vaccine titer that converted to a positive post-vaccine titer after at least 1 vaccination. Non-seroconverters had a negative varicella titer, despite at least 1 LAVV. Varicella serology testing was performed using the assay available at the patient's local laboratory. We accepted qualitative results (for example, positive, negative or equivocal) as interpreted by each laboratory.
Statistics
Means, medians, ranges and percentages were reported. The 95% confidence intervals (CIs) of percentages were calculated using the modified Wald method (Graph Pad Software 2005, La Jolla, CA, USA).
Results
Out of 214 pediatric patients who underwent HSCT at the UCSF Children's Hospital between 1995 and 2005 and survived for at least 24 months after transplantation, 68 patients (31.8%) met the criteria for inclusion in this study and received a total of 101 LAVVs. Forty-three patients received 1 vaccination, 20 patients received 2 vaccinations, 2 patients received 3 vaccinations and 3 patients received 4 vaccinations.
Clinical characteristics of the 68 vaccinated patients are shown in Table 1 . Exact immunization dates (month and year) were available for 65 patients (95.6%). Among these patients, the first vaccine was given at an average of 38 months after HSCT (median 32, range 16-144). Seven patients (10.3%) received the LAVV earlier than the intended 24 months post-HSCT, but otherwise fulfilled criteria for administration. There were three patients for whom exact LAVV dates were not available. One may have received the vaccine within 24 months of HSCT, but the other two received their first LAVV at least 24 months after HSCT. During the time interval between HSCT and LAVV administration, three patients were exposed to varicella and treated with varicella-zoster immune globulin or i.v. immune globulin, and four additional patients developed zoster. Two of these patients were VZV-seropositive after the zoster episodes, and two were seronegative; all subsequently received the LAVV.
The length of follow-up was calculated using the date of HSCT and the date of the most recent patient encounter with UCSF Pediatric BMT providers. The average length of follow-up as of November 2008 was 70.8 months (median 65.5, range 10-150 months). However, in many cases, additional correspondence between families and the BMT staff occurred outside of these encounters and was included with the medical record.
Safety
Three patients (4.4%; 95% CI ¼ 1.0-12.7%) experienced possible VZV-related symptoms within 6 weeks of LAVV administration, and were therefore considered to have experienced potential vaccine reactions. Of these, two (2.9%) were mild and one (1.5%) was moderate; there were no severe LAVV reactions. The two patients with possible mild vaccine reactions received the measlesmumps-rubella (MMR) vaccine and LAVV simultaneously and subsequently developed a rash. The first patient's rash erupted within 4 weeks of vaccination. This patient was seen in an urgent care clinic, diagnosed with impetigo, and treated with amoxicillin. Some lesions resolved immediately and others persisted, but eventually resolved without further treatment. It is unclear whether this nonspecific rash was secondary to immunization with MMR vaccine or the LAVV, or whether it was unrelated to vaccination. The second patient developed a low-grade fever after vaccination, lasting approximately 5 days, along with a maculopapular rash on the face and trunk. The providers involved concluded that the rash was most likely an MMR vaccine reaction. Neither patient required antiviral therapy for resolution of symptoms. One patient with a possible moderate vaccine reaction developed clinically diagnosed HZ 7 days after receiving the LAVV and 13 days after discontinuing prophylactic acyclovir. These symptoms were controlled with antiviral medication (acyclovir and then valacyclovir).
Seroconversion
Seroconversion rates are presented in Table 2 . Out of 68 vaccinated patients, 28 (41.2%) had complete data sets with documentation of a negative varicella Ab before vaccination. Among these patients, 18 (64.3%; 95% CI ¼ 45.8-79.4%) seroconverted, 3 (10.7%; 95% CI 2.9-28.0%) possibly seroconverted and 7 (25.0%; 95% CI ¼ 12.4-43.6%) failed to seroconvert. Among the seroconverters, 10 (55.6%) seroconverted after 1 vaccine; 7 (38.9%) seroconverted after 2 vaccines and 1 (5.6%) seroconverted after 3 vaccines. Two of the patients who seroconverted after 2 doses of LAVV did not have a VZV titer checked in between immunizations.
Discussion
Using the UCSF Children's Hospital protocol for treatment, follow-up and immunization of post transplant patients, it appears safe to administer the LAVV to immunocompetent patients after HSCT. Among the three patients with possible vaccine reactions, one had a moderate reaction and two had mild reactions; there were no severe reactions. The patient with a possible moderate reaction had a positive pre-HSCT VZV titer, and the zoster outbreak described for this patient was most likely due to reactivation of latent VZV infection secondary to discontinuing antiviral prophylaxis, which is well described among HSCT patients. 15 However, it is possible that the patient's symptoms were associated with receiving the LAVV; PCR typing was not performed to determine the etiology of the zoster. Regardless, the outbreak was controlled with oral antiviral therapy and did not lead to disseminated illness or death. The patients with possible mild vaccine reactions developed rashes that may or may not have been due to LAVV, and that resolved without antiviral therapy. Although we cannot exclude the possibility that the symptoms experienced by these three patients were caused by exposure to the LAVV, they do not lead us to recommend against administration of the LAVV in this population. On the contrary, the safety profile of the LAVV when administered to HSCT recipients with demonstrable immune reconstitution appears acceptable and is comparable with that seen among normal hosts. In normal hosts, 3-5% of immunized children develop a localized rash after vaccination, and another 3-5% develop a more generalized varicella-like rash. 16 Furthermore, two patients were excluded from this study because they received the LAVV off-protocol before evidence of complete immune reconstitution. Neither patient experienced a vaccine reaction.
The 64.3% (95% CI ¼ 45.8-79.4%) seroconversion rate reported for the 28 patients included in serologic analysis is lower than that seen in the non-HSCT patient population. After 1 dose of the LAVV, seroconversion rates (using the glycoprotein ELISA assay) among healthy children are 495% for children aged 12 months to 12 years, and 79% for patients 13-17 years of age. 17 In our study, 7 out of 28 patients (25.0%; 95% CI ¼ 12.4-43.6%) failed to seroconvert; 5 (71.4%) were non-converters after 1 vaccine and 2 (28.6%) were non-converters after 4 vaccines. It is possible that the non-seroconverters after a single dose of LAVV would have seroconverted after a second immunization. Gershon et al. 13 found VZV seroconversion rates to be similar among children with ALL in remission when compared with healthy children (98%) after 2 doses of the LAVV. We expect the second immununization to be as safe as the first in our patient population, and to increase the number of patients protected from VZV infection after transplant.
In our study, several patients were initially seropositive after vaccination, and then became equivocal or negative. This could be a result of vaccine failure or waning passive immunity from i.v. immune globulin (though patients were off of i.v. immune globulin for at least 10 months, and usually longer, at time of vaccination). Similarly, Sauerbrei et al. 3 reported that two out of the eight HSCT patients who received the LAVV and seroconverted had no detectable Abs 24 months after vaccination. These data suggest that although the LAVV appears safe in healthy patients after HSCT, their immune systems may not respond to vaccination as well as healthy, non-transplant patients.
Fifteen patients were excluded from our study because they did not receive the LAVV due to seropositivity at the time of LAVV eligibility. Conversely, eight study patients received the LAVV despite seropositivity. We attribute the differences in vaccination recommendations to provider discretion. However, it is important to recognize that although seropositivity is often used as a proxy for immunity, Ab alone is not always sufficient to protect against disease. Cell-mediated immunity has an important role, particularly in the control of reactivated disease (for example, HZ), and does not always correlate with the humoral response. 18 Future studies should include humoral immune responses as well as specific T-cell immune function studies in response to the LAVV. Additional research is also needed to determine whether the immunologic response to vaccination differs according to the type of transplant (autologous vs allogeneic vs haplocompatible), as has been suggested. 9 The number of patients for whom we have complete data sets is too small to draw conclusions regarding these issues.
As the goal of administering the LAVV is to decrease the incidence and/or severity of HZ, primary varicella and disseminated varicella, more research is needed to evaluate vaccine efficacy. In this study, there was one patient for whom the LAVV may have prevented serious disease. This patient developed primary varicella 9 months after receiving the LAVV, consisting of 30-40 lesions. This is typical of the milder 'breakthrough' form of primary varicella observed among vaccinees in the general population. 16, 19 The focus of this retrospective study was safety, and we do not have sufficient data to report varicella attack rates beyond the immediate post-vaccine period.
This retrospective study has several potential shortcomings. As a referral center, UCSF often treats patients from other parts of the state or country. We follow patients as closely as possible after transplantation and make recommendations to referring providers regarding immune reconstitution and serologic testing. The vast majority of patients do not receive immunizations at UCSF, however, and VZV titers are often drawn at other facilities. Consequently, we often relied upon reports from referring providers or earlier correspondence with families to obtain information regarding vaccine history, seroconversion status and descriptions of post-immunization reactions. We were not always able to identify current primary care providers for HSCT patients, and other providers did not reply to our requests for information. The information obtained from outside sources may therefore have been inaccurate or incomplete. Referring providers may not have reported mild reactions, and parents may not have realized that minor symptoms may have been attributable to vaccination. Because the recommendation to administer the LAVV would have come from the UCSF BMT staff, however, it is highly likely that referring providers or families would have notified our group if there were any serious complications after vaccination.
The UCSF pediatric BMT group began administering the LAVV to selected patients in 1995, following the catch-up immunization schedule. At that time, the AAP recommended 1 dose of LAVV for patients aged 12 months to 12 years, and 2 doses for patients 13 years and older. In 2007, the ACIP updated their recommendations to include a total of 2 doses for all patients over 12 months of age. 10 Accordingly, the current UCSF protocol for administration of LAVV to immunocompetent HSCT patients consists of 2 doses of LAVV, at least 3 months apart, followed by a VZV titer.
During our study period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , eligible patients received serial VZV immunizations until an Ab response was established. This accounts for variation in the number of vaccines given to each patient. Sixty-five patients (30.4%) were excluded from the study because we could not definitively establish receipt of the LAVV, and some of them may have been immunized without providing us with documentation. Furthermore, the time interval between vaccination and Ab testing was not standardized, and some patients had serology testing years after receiving the LAVV. Therefore, we do not know definitively whether patients seroconverted in response to the vaccine or other exposures.
In determining study eligibility, charts were not reviewed if patients died within 24 months of HSCT. However, some patients in this study received the LAVV before the intended 24 months after transplant. In selecting charts for review, we assumed that patients who survived for less than 24 months were not healthy enough to be eligible for live vaccinations. It is possible, though unlikely, that we may have overlooked some vaccinees and/or adverse reactions based on this assumption. However, among deceased patients there were no known severe LAVV reactions.
In conclusion, it appears safe to administer the LAVV to healthy, immunocompetent patients after HSCT. Larger, prospective studies are needed to more accurately determine rates of vaccine complications, vaccine efficacy, and humoral and cell-mediated immunologic responses to vaccination.
